Herein, we report a new species of leptostracan, Nebalia koreana (Malacostraca) collected from the southern and eastern coasts of the Korean peninsula. All the specimens of this species were collected by means of light traps from harbors where the bottoms are sandy and with algal mats. The new species differs from all other known Nebalia in the following characters: the carapace is relatively small, and covers the lateral sides of pleonite 2 and partially the lateral sides of pleonite 3; the fourth article of the antennule has up to five short distal spines; pleonites 3 to 7 have rounded denticles along the posterior dorsal borders; the epipod of thoracopod 7 bears 5 to 6 plumose setae along the posterior margin, which are lacking on the remaining thoracopods; and the protopod of pleopod 4 lacks serration along the posterior border. Only two species of Nebalia have been reported from the tropical or subtropical seas of Asia. Therefore, the new species is the first species of Nebalia found in the temperate zone of Asia. Additionally, type localities and world distribution of the genus Nebalia are provided in this paper.
INTRODUCTION
Leptostraca is the only extant order in the subclass Phyllocarida and is considered by many researchers to be the most primitive group in the class Malacostraca (Claus, 1888; Manton, 1934; Hessler and Newman, 1975; Barnes, 1980; Dahl, 1987; Walker-Smith and Poore, 2001 ). Leptostracans are characterized by the presence of a mobile rostrum, a bivalved carapace that covers the eight pairs of phyllopodus thoracic limbs, and some of the seven pleomeres, six pairs of pleopods, and a striking caudal furca. They can play a significant role in clarifying water in the marine ecosystems because most of them are filter feeders (McLaughlin, 1980) ; in addition, they are sometimes collected by baited traps (Olesen, 1999; Lee and Morton, 2005; Lee and Bamber, 2011) , which indicates that they act as at least opportunistic scavengers (Nishimura and Hamabe, 1964; Johnson, 1974; Schram, 1986; Lee and Morton, 2005) .
To date, Leptostraca includes some 56 extant species belonging to 10 genera in four families (Mess, 2011) . Among them, more than half of the species (31) are included in the genus Nebalia Leach, 1814, in Nebaliidae Samouelle, 1819 (Mess, 2011) . The genus Nebalia inhabits diverse habitats such as estuarine mudflats (Haney and Martin, 2005; Moreira et al., 2007) , sea grass beds (Dahl, 1985) , sandy bottoms, organic-rich muddy sediments in harbor areas, hard bottom beaches, and lagoons. Furthermore, recent work suggests that species of Nebalia may be distributed according to features of substratum such as granulometry and organic content (Vetter, 1996; Moreira et al., 2009 ). * Corresponding author; e-mail: mingisik@inha.ac.kr
Nebalia is found within all of the world's oceans including the Arctic and the Antarctic regions; its taxonomy is more or less well studied from the coasts of Europe (Ledoyer, 1997; Moreira et al., 2003; Kocak and Katagan, 2006; Kocak et al., 2007; Moreira et al., 2007; Moreira et al., 2009; Kocak et al., 2010 Kocak et al., , 2011 , North America, and Central America (Martin et al., 1996; Vetter, 1996; Haney and Martin, 2000, 2005) . However, in many other parts of the world, especially the coasts of Asia including China, Japan, and Korea, they have scarcely been studied (Fig. 1A , Table 1 ). Only two Nebalia have been reported from the tropical or subtropical seas of Asia: N. dahli Kazmi and Tirmizi, 1989 , from Pakistan in the Arabian Sea, and N. mortoni Lee and Bamber, 2011 , from Hong Kong in Southeast Asia (Kazmi and Tirmizi, 1989; Lee and Bamber, 2011) .
In this study, we describe a new species of Nebalia collected from Korea, Nebalia koreana n. sp., which is the first species of Nebalia known from the temperate regions of Asia.
MATERIALS AND METHODS
Specimens were collected by light traps during 2010 and 2011. All of the sampling sites were harbors where the bottoms are sandy with algal mats. The specimens described in this paper were collected from Bogildo Island, Jeollanamdo, Korea (Fig. 1B, C) . All specimens were preserved in 95% ethyl alcohol.
Most of the description and illustrations were based on mature females following the recommendations of Dahl N. abyssicola; 2, N. antarctica; 3, N. biarticulata; 4, N. bipes; 5, N. borealis; 6, N. brucei; 7, N. cannoni; 8, N. capensis; 9, N. clausi; 10, N. dahli; 11, N. daytoni; 12, N. falklandensis; 13, N. gerkeane; 14, N. herbstii; 15, N. hessleri; 16, N. ilheoensis; 17, N. kensleyi; 18, N. kocatasi; 19, N. lagartensis; 20, N. longicornis; 21, N. marerubri; 22, N. mortoni; 23, N. patagonica; 24, N. reboredae; 25, N. schizophthalma; 26, N. strausi; 27, N. troncosoi; 28, N. villalobosi: (Q) ; B, sampling localities of additional examined specimens; 1, Dochung-harbor, Cheongsando Island; 2, Dapo-harbor, Geojedo Island; 3, Sokcheon-harbor, Jinhae-si; 4, Daejin-harbor, Yeongdeok-gun; 5, Kumjin-harbor, Gangneung-si; 6, Chungcho-lagoon, Sokcho-si: ("); C, Collection locality from Bogildo-Island, showing sampling site where type specimens of Nebalia koreana n. sp. were collected. (1985) and other recent studies (Haney and Martin, 2005; Moreira et al., 2007; Moreira et al., 2009 ). In addition, sexually dimorphic characteristics are described based on mature males. The specimens were examined and dissected under a stereomicroscope (Model SZX-7; Olympus, Tokyo, Japan). Drawings of dissected appendages were made using a drawing tube connected to a light microscope (Model DM 2500; Leica, X50-630, Wetzlar, Germany) , and the appendage images were recorded using a microscope digital camera (Model Nikon D90; Nikon Corporation, Japan). The whole body illustration was made using a drawing tube attached to a stereomicroscope (Olympus SZX-12). Images were recorded using a microscope digital camera (Model Moticam 2000; Motic Incorporation Ltd., Hong Kong, China), and developed with software (Model Helicon Focus ® ; Helicon Soft Ltd., Kharkov, Ukraine). Measurements were done with a stage micrometer (Leica, Germany) and an ocular micrometer.
The total length (TL) was measured from the articulation between the rostrum and carapace to the posterior end of the uropods excluding setation; the dorsal carapace length (DCL) was considered the distance between the articulation of the rostrum and the margin of the posterodorsal cleft; the lateral carapace length (LCL) was considered the distance along the lateral surface between the anteriormost and posteriormost margin; the carapace height (CH) was measured between the dorsal and ventral margin; the rostrum length (RL) was measured along the midline. The type series of Nebalia koreana has been deposited in the National Institute • 35 E), Sokcho-si, coll. J.-H. Song (Fig. 1B) .
Etymology.-The species name 'koreana' is derived from the name of the nation where the specimens were collected. Dahl, 1990 Antarctic, Ross sea (Antarctica)
Wilhelm II Land, Adelie Land (Antarctica) Dahl (1990) , Walker-Smith and Poore (2001) N. biarticulata Ledoyer, 1997 Baie des Lecques, Marseille, France
Type locality only Ledoyer (1997) , Kocak et al. (2011) N. bipes (Fabricius, 1780) Greenland (Europe) Greenland, Arctic North America, Svalbard to western Norway Dahl (1985) , Walker-Smith and Poore (2001) N. borealis Dahl, 1985 Norway, Hordaland, Raunefjorden (Europe)
Norway, Sweden, British Isles, Shetland Is, Sleat Sound (Scotland) Dahl (1985) , Walker-Smith and Poore (2001) N. brucei Olesen, 1999 Matemwe and Mnemba, Zanzibar, Tanzania (
Type locality only Olesen (1999) , Walker-Smith and Poore (2001) N. cannoni Dahl, 1990 South Georgia Type locality only Dahl (1990) , Walker-Smith and Poore (2001) N. capensis Barnard, 1914 Cape Town (Africa) South Africa Barnard (1914) , Walker-Smith and Poore (2001) N. clausi Dahl, 1985 Gulf of Adria, Italy (
Type locality only Dahl (1985) , Walker-Smith and Poore (2001) N. dahli Kazmi and Tirmizi, 1989 Karachi, Pakistan (Asia) Type locality only Kazmi and Tirmizi (1989) , Walker-Smith and Poore (2001) N. daytoni Vetter, 1996 San Diego, southern California, USA (
Type locality only Vetter (1996) , Walker-Smith and Poore (2001) N. falklandensis Dahl, 1990 Falkland Islands Type locality only Dahl (1990) Dahl (1985) , Martínez et al. (2007) , Kocak et al. (2011) N. hessleri Martin, Vetter and Cash-Clark, 1996 Coast of La Jolla, California (America) Southern California (USA) Martin et al. (1996) , Walker-Smith and Poore (2001) N. ilheoensis Kensleyi, 1976 Sandwich Harbor (Africa) Ledoyer, 2002 New Caledonia (Pacific) N/A Ledoyer (2002) N. mortoni Lee and Bamber, 2011 Lobster Bay, Cape d'Aguilar, Hong Kong (Asia)
Type locality only Lee and Bamber (2011) Fig. 2A) elliptical, covering lateral sides of pleonite 2 and partially lateral sides of pleonite 3. LCL 4.3 mm; carapace about 1.4 times longer than high.
Rostrum (Figs. 2B, 7C ) long, clearly extended past beyond distal border of eyestalk; about 2.4 times as long as wide; with slightly parallel margins, tapering distally with rounded apex. Rostral keel projecting posteriorly, with medial furrow where supraorbital plates fit in.
Compound eye (Fig. 2C ) oval, with ommatidial part extending about two-thirds of total length of eyestalk, dark pigmentation present on almost entire ommatidial part. Eyestalk normal, not subdivided or lobed; supraorbital scale acute, tapering distally, about one-third of total length of eyestalk.
Antennule (Fig. 2D ) peduncle consisting of four articles. First article stout, shorter than eyestalk. Second article widest at midpoint, with 1) plumose seta on superior margin of proximal third, 2) cluster of five simple setae and four plumose setae on lateral surface, 3) subterminal cluster of about 11 short and long simple setae and one plumose seta. Third article shorter than the second, widest distally, with cluster of about nine simple setae on anterior distal margin, one long simple seta and four shorter setae on posterior distal margin. Fourth article shorter than third, with 1) five simple setae on anterior margin, 2) five thick robust spines distally (Fig. 7I) , 3) lateral row of six simple setae, 4) one simple seta on posterior distal margin, longer than antennular scale. Antennular scale elliptical, slightly more than twice as long as wide; superior margin convex, with row of 7-8 simple setae along medial surface, row of setae with coarse teeth along border of distal half; numerous simple setae of different lengths. Flagellum (Fig. 7E ) well developed, with up to 14-16 articles, somewhat shorter than peduncle; each article with 3-4 aesthetascs on anterodistal margin, 3-4 simple setae arising from anterodistal margin, one longer and much thinner than the others, oriented backwards.
Antenna (Fig. 2E ) peduncle consisting of three articles. First article with dorsal hump, small acute process hiding behind that hump. Second article nearly rectangular, with distal large acute process. Third article longer than second, with different rows of setae along medial anterior margin (Fig. 2F ): 1) proximal row of about 5-6 simple setae and one plumose seta on inner surface; 2) two thin setae and six spine-like setae longer and thinner than those of [3]; 3) 10 thick spines along proximal half, the distalmost being the longest; 4) six simple setae; 5) 15-16 simple setae longer than those of [4] , each associated with one spine of [3] and two sparsely plumose setae; 6) terminal row of five spines, increasing distally in length, the distalmost next to four simple setae; 7) one long plumose seta on inferior margin; 8) cluster of short simple setae arising from distal posterior margin; 9) cluster of 12-13 plumose setae and four shorter simple setae along distal inner margin. Flagellum (Fig. 7G) Fig. 2 . Nebalia koreana n. sp.; A, female holotype, lateral view; B, rostrum, dorsal view; C, eye, lateral view; D, antennule, lateral view; E, antenna, lateral view; F, antenna, third article, external side, lateral view. Scale bars = 1 mm (A), 0.5 mm (B, C), 0.2 mm (D-F). well developed, composed of 14-16 articles; each article with four terminal setae, one shorter and thinner than the others, oriented posteriorly.
Mandible (Fig. 3A) palp consisting of three articles; second article about 1.6 times longer than first; two distally plumose setae: 1) one at mid-length on lateral side, 2) other seta subterminally on superior margin. Third article somewhat longer than second, with margins slightly parallel; proximal half of anterior margin with row of quite short setae; posterior margin with three types of setae: 1) row of setae arising from ending of proximal quarter extending to proximal half, distally plumose; 2) row of longer setae than those of [1] extending along distal half, distally plumose; 3) about 9-11 curved, dentate setae on distal margin.
First maxilla (Fig. 3C ) proximal endite with rounded medial border bearing distally plumose setae. Distal endite . Nebalia koreana n. sp.; A, female holotype, lateral view; B, male paratype, lateral view; C, female holotype, rostrum, dorsal view; D, male paratype, rostrum, dorsal view; E, female holotype, proximal antennule flagellum; F, male paratype, proximal antennules flagellum; G, female holotype, part of antenna flagellum; H, male paratype, antennule flagellum, proximal part; I, female holotype, five thick robust spines on antennule article 4; J, female holotype, pleopod 1-4 endopod, proximal inner margin, 8-9 short hump-shaped setae. Scale bars = 1 mm (A, B), 0.2 mm (C-H), 0.1 mm (I, J). This figure is published in colour in the online edition of this journal, which can be accessed via http://www.brill.nl/jcb. (Fig. 3E ) larger than proximal endite (Fig. 3D) ; medial border with two plumose setae and three types of setae: 1) about 11-12 setae of increasing size with three noticeable teeth along distal posterior margin also provided with several smaller teeth; 2) about 7-8 spatulate setae and one short simple setae; 3) two simple setae and row of about five setae with several small teeth along distal anterior margin. Palp well developed, about five times the length of protopod, with proximal cluster of 7-8 setae and 14-15 widely spaced setae along its whole length; setae with tiny setules just on distal third and apex; apex strongly curved distally.
Second maxilla (Fig. 3B) protopod composed of four endites bearing plumose setae, endites 1 and 3 the largest nearly subequal in size; endites 2 and 4 smaller than both 1 and 3. Fourth endite the smallest, with six plumose setae, distalmost seta longer than others. Endopod consisting of two articles, longer than exopod, first article 1.6 times as long as second one; lateral margin and medial margin with numerous plumose setae; second article with two terminal setae distally, one of them longer than endopod. Exopod longer than the first article of endopod; medial margin with numerous plumose setae, three distalmost setae shorter than exopod.
Thoracopods (Fig. 4A-H ) endopod slightly longer than exopod; with numerous plumose setae along superior margin. Distal article of endopod expanded, more or less oriented backwards, with about 8-9 long plumose setae, with recurved apex. Endopod articulation vague. Exopod with 4-15 plumose setae along inferior margin. Only thoracopod 7 epipod with 9-10 plumose setae along posterior margin. Thoracopod 8 epipod noticeably smaller than those of thoracopods 1-7.
Pleonites (Fig. 5I ) 3-7 with denticles at least along posterior dorsal border; denticles with more or less parallel sides, distally rounded.
Pleopod 1 (Fig. 5A ) consisting of protopod, endopod and exopod. First pleopod protopod with posterior margin even; three basal simple setae: 1) long seta arising subdistally; 2) thicker seta near the base of endopod; 3) slightly longer seta near the base of exopod, reaching or surpassing the middle of exopod spine-row; posterior border with one long simple seta on proximal third; three simple setae and one spine on medial surface, one spine shorter and robust, other setae longer and thinner than spine. Endopod consisting of two articles, longer than exopod; lateral and medial borders of second article each with about 25-28 plumose setae, 8-9 short setae on proximal medial margin with three small humps along distal half (Fig. 7J ), distal border with acute projection at apex and one long, stout terminal spine. First article shorter, appendix interna with three short recurved hooks. Exopod about 0.6 times length of protopod; with row of about 30-38 short serrate spines along lateral margin ('spine-row'), each spine with tiny tridentate tip, central tooth bifid; four robust spines on distolateral margin, two long alternating with other two short spines; row of long plumose setae along medial margin.
Pleopods 2, 3 similar (Fig. 5B, C) , protopods with 2-3 simple setae and one long seta along posterior border on proximal third; 4-5 simple setae on anterior proximal border; 3-4 simple setae and one spine on medial surface; cluster of 3-4 long setae subdistally near the base of endopod; three short setae arising from acute process close to appendix interna; acute triangular process between endopod and exopod, one slightly thick seta next to exopod base; posterior margin even. Endopod longer than exopod, composed of two articles; proximal article short, provided with appendix interna with one margin expanded and serrated; lateral and medial margins of distal article each with about 24-28 plumose setae, ending in one long stout spine. Exopod without a row of spines or setae, instead with a row of 6-7 spine pairs, each pair composed of one long and one relatively shorter spine, with short plumose seta between spine pairs; medial border with row of long plumose setae, three distal spines, increasing distally in length.
Pleopod 4 (Fig. 5D ) protopod with four simple setae and one spine along anterior border on proximal third; 8-9 short simple setae on posterior margin proximally, setae appearing jointed at midlength; cluster of 3-4 long setae subdistally near the base of endopod; three short setae arising from acute process of close to appendix interna; posterior margin lacking serrations, posterolateral corner with rectangular projection. Setation and spine pairs on margins of endopod and exopod nearly same as pleopods 2-3.
Pleopods 5-6 (Fig. 5E, F ) fifth pleopod uniramous, composed of two articles; second article about 3.1 times as long as wide, with 5-6 robust conical spines along distolateral and terminal margins, increasing distally in length; 40-48 simple setae along medial and distal margins, setae appearing somewhat jointed at midlength. Sixth pleopod uniramous, composed of only one article, with 5-6 robust conical spines along distolateral and terminal margins, increasing distally in length, distalmost as long as article, with circlet of keen teeth basally. Medial and terminal margins with 'jointed' setae similar to those of fifth pleopod. Both pleopods pairs with broad, acute triangular projection between bases of rami, extending posteriorly.
Anal somite, anal plates and uropod (Figs. 2A; 5G, H) anal somite (pleonite 8) short, as long as pleonite 7. Anal plates with relatively narrow bases and acutely tapering distally, and no distinct lateral 'shoulder.' Uropods short, about 0.8 times as long as combined pleonite 7 and anal somite. Uropod with about 22-25 robust setae along lateral border increasing distally in length, the terminal as long as uropod; about 15-17 robust setae and four plumose setae on lateral inner border, plumose setae numbering about 20-23 (some of them broken), cluster of three simple spinelike setae on distolateral inner border, and two thin setae subterminally.
Description of Male Paratype (NIBRIV0000245070).-TL 10.1 mm (Figs. 6A, 7B) , RL 1.9 mm, DCL 2.8 mm, LCL 3.9 mm, CH 2.5 mm. Male differing from female in the following:
Carapace (Figs. 6A, 7B ) less elliptical than the female. Rostrum (Figs. 6B, 7D ) apex slightly wider. Antennule (Figs. 6C, 7F ) flagellum strikingly plump proximally. Antenna (Figs. 6D, 7H ) flagellum long, with more than 50 articles, nearly surpassing level of pleopod 1. Pleopods 5-6 (Fig. 6E, F) with each ramus bearing eight and seven spines respectively (female with up to six).
Habitat.-This species has been collected at 6.0 m depth corresponding to a sedimentary bottom of medium sand with algal mats.
Morphological Variation.-Examination of specimens of various sizes shows some morphological variation, mostly regarding the number of articles of the antennular and No of articles 2-3.5 6-9 6-9 2-3 2-3 2-3 5-6.5 10-12 10-12 3-4 3-4 3-4 7-9 11-14 11-14 3-4 3-4 3-4 9-11 14-16 14-16 5-6 5-6 5-6
antennal flagellum. There are also variation in the number of spines in the antennule peduncle article 4 and pleopods 5-6 (Table 2 ).
Distribution.-To date, Nebalia koreana is known from the East and South coasts of Korea.
DISCUSSION
Nebalia koreana differs from the previously described species of Nebalia in the following unique combination of characteristics. The carapace is relatively small in comparison to the whole body size, and it covers the lateral sides of pleonite 2 and partially covers the lateral sides of pleonite 3. The fourth article of the antennule has up to five short robust distal spines. The spines and setae forming a row on the external lateral side of the third article of the antenna show a different size, shape, thickness and distribution from those of other similar species of Nebalia (Table 3 ). The posterior dorsal and lateral margins of pleonites 5-7 bear distally rounded denticles, and the protopod of pleopod 4 has an even posterior margin, i.e., lack of serration. Nebalia koreana is most similar to N. herbstii Leach, 1814, in the general features of external appearance. The endopods of the thoracopods in N. herbstii are distinctly longer than exopods (Dahl, 1985) , while those of the new species are slightly longer than the exopods. Additionally, the antennule flagellum in the new species is somewhat shorter than the peduncle, whereas N. herbstii has a distinctly shorter flagellum in comparison to the peduncle. However, these differences might not be enough to distinguish them. For this reason, we directly compared the new species with a specimen of N. herbstii that was collected from the coast of Spain, included within the distribution boundary of N. herbstii suggested by Dahl (1985) . The two species are similar in the following characteristics: 1) the whole body size of the adult female, 2) the shape of the teeth along the posterior border of the pleonites (rounded), 3) the number of distal thick spines on the antennule fourth article in adult specimens, and 4) the number of flagellum articles of the antennule and antenna in the mature female. The new species, however, differs from N. herbstii in: 1) the length of the carapace compared to the whole body, 2) the armature of the external lateral side of the antenna peduncle third article, i.e., distribution and appearance of spines and setae, and 3) the number of serrations along the posterior margin of the fourth pleopod protopod. In N. herbstii, the carapace covers the lateral sides of pleonite 5, and partially covers the lateral sides of pleonite 6, there are five thin setae and three spine-like setae on the external lateral side of the third article of antennal peduncle, and the fourth pleopod protopod bears 3-4 acute serrations along the posterior border. However, the new species has a carapace that covers only the lateral sides of pleonite 2, and partially covers the lateral sides of pleonite 3, there are one or two thin setae and six spine-like setae on the lateral external side of the third article of antennal peduncle, and the posterior border of the protopod of fourth pleopod is even without serration (Table 3) .
Nebalia mortoni Lee and Bamber, 2011 , collected from Hong Kong in Asia, is also similar to the new species. However, this species differs from N. koreana in having square-shaped denticles on pleonites 5-7, and a different length ratio of endopods 1 and 2 in maxilla 2. In N. mortoni, the distal article is slightly shorter than the proximal article, whereas N. koreana has a clearly longer proximal article, Table 3 . Comparison based on selected diagnostic characters and habitat among N. koreana n. sp. and related species. (1) ts = thin seta(e); (2) sls = spine-like seta(e); (3) s = spines thicker than (2); (4) ps: plumose seta(e) (see and the mature female is much smaller in whole body size (6 mm) than N. koreana n. sp. (10.5 mm). Only two tropical and subtropical species of Nebalia have been described from the coasts of Asia, and no species have been reported from the temperate or arctic regions of Asia (Fig. 1A) . It is apparent that most species of Nebalia are not cosmopolitan as benthic filter feeders, and are distributed locally or have a restricted range (Vetter, 1994; Martin et al., 1996; Haney and Martin, 2000, 2004) (Table 1) . Therefore, if taxonomic studies from various habitats in Asia are performed, new species of Nebalia eventually will be found from the coasts of Asia, which will widen our knowledge of the diversity and biogeographic distribution of leptostracans.
